The amino-acid sequence of lac repressor from Escherichia coli has been determined. The sequence contains 347 residues in the subunit single peptide chain. It shows no similarities with the sequences of histones or the known part of f3-galactosidase.
If we want to understand repression (1), we have to elucidate the three-dimensional structure of a repressor-operator complex. The lac system of E. coli offers the possibility of such an analysis. Lac repressor has been isolated (2) . It binds in vitro to operator DNA (3, 4) and represses in vitro transcription (5) and translation (6) of the lac operon. It can be isolated in large amounts (7, 8) . Genetic analysis of mutants of the lac repressor-producing i gene has shown that the aminoterminus of repressor is involved in operator binding (9) . The lac operator has also been analyzed genetically (10) and chemically: Gilbert succeeded recently in determining its structure (11) . We report here the sequence of lac repressor. The sequence of its amino-terminus has been presented earlier (9, (12) (13) (14) .
RESULTS
The amino-acid composition of lac repressor is given in Table  1 . The amino-acid sequence is shown in Fig. 1 . It was determined by analysis of fragments derived by treating the protein with cyanogen bromide; for the ordering of the fragments, tryptic peptides of repressor were used.
Lac repressor was purified from ig and i(I strains (7, 13) as described earlier (8) . Gel eleotrophoresis in the presence of sodium dodecyl sulfate and endgroup determinations of repressor had indicated the presence of a single polypeptide chain with a molecular weight of 38,000-40,000. On the basis of the amino-acid composition, a molecular weight of 38,000 was calculated (8) . The amino-acid sequence gives a molecular weight of 37,200 for the subunit and 148,800 for the functional tetramer.
Cyanogen Bromide Fragments. 10 Fragments were obtained after lac repressor was cleaved with cyanogen bromide (Table  2 ). The cyanogen bromide digest was chromatographed on a Sephadex G-75 column equilibrated with 1 M acetic acid (Fig. 2) . The first peak, in the break-through volume, contained partially cleaved repressor and was not further analyzed. Peak II consists of an "overlap peptide" which proved to be fragment V joined to fragment III. Peak III contained the largest fragment with the two tryptophan residues of the chain. Several recyclings were necessary to separate it from Abbreviation: Hsr, homoserine. * Deceased March 13, 1972. peak IV. Fragments V and VI could be easily separated from the fraction of the small peptides. They correspond to sequences (FVI) and 43-98 (FV) (9) . Cyanogen bromide fragments VII-XII (including free homoserine) could be separated on DEAE-cellulose with pyridine-acetate buffers at pH 6.5. Gel electrophoresis of the isolated fragments II-VI in Na dodecyl sulfate and endgroup analysis established their molecular weight and their homogeneity. The molecular weights of fragments VII-XII could be determined with the method of Offord (16) . The sum of the molecular weights of the ten fragments and the sum of the compositions of the ten fragments agreed with the molecular weight and the aminoacid composition of intact lac repressor (Tables 1 and 2 ).
Ordering the Cyanogen Bromide Fragments. Tryptic peptides were used to order the cyanogen bromide peptides. Thirty tryptic peptides were isolated after chromatography on highresolution ion-exchange resins, gel chromatography, thinlayer electrophoresis, and thin-layer chromatography of a tryptic digest of carboxymethylated lac repressor. Five of these peptides contained methionine. The sequence of these peptides ( the tryptic peptides. The sequences of the purified peptides were determined by the most appropriate current techniques:
Met-Lys-Pro-Val-Thr-Leu-Tyr-Asp-Val-Ala-Glu-Tyr-Ala-Gly-Val- Ser-His-Gln-Asp-Gly-Thr-Arg-Leu-Gly-Val-Glu-His-Leu-Val-Ala-160 Leu-Gly-His-Gln-Gln-Ile-Ala-Leu-Leu-Ala-Gly-Pro-Leu-Ser-Ser-170 180
Val-Ser-Ala-Arg-Leu-Arg-Leu-Ala-Gly-Trp-His-Lys-Tyr-Leu-Thr-190 Arg-Asn-Gln-Ile-Gln-Pro-Ile-Ala-Gln-Arg-Glu-Gly-Asp-Trp-Ser- manual and automatic Edman degradation (17, 18), dansylEdman procedure - (19) , and digestions with carboxy-and aminopeptidases and dipeptidyl aminopeptidase.
First, the carboxymethylated cyanogen bromide fragments II-VI were digested with trypsin. Since the sequence of the tryptic peptides from carboxymethylated lac repressor had been previously determined by us, small amounts (1-2 amol) of the cyanogen bromide fragments were sufficient for the isolation of tryptic peptides to provide the necessary information. Only for fragment V did the isolated tryptic peptides not provide enough information. They accounted for only 31 of 56 amino acids. The sequence of the missing tryptic peptide was derived by examining all chymotryptic and thermolytic peptides of fragment V (Fig. 3C) . In order to find the overlaps for the tryptic peptides, chymotryptic and thermolytic pep- Sequence of Lac Repressor 3577 1 10 25 Val-Glu-Arg-Ser-Gly-Val-Glu-Ala-Cys-Lys-Ala-Ala-Val-His-Asn-Leu-Leu-Ala-Gln-Arg-Val-Ser-Gly-Leu-Ile- tides were isolated from the cyanogen bromide fragments.
DISCUSSION
Their alignment is shown in Fig. 3A-D . The amide groups of There is no obvious feature in the sequence .of lac repressor asparagine and glutamine residues were located by measuring that could explain its tight and specific binding to lac operator. the electrophoretic mobilities of peptides containing them However, genetic analysis of the i-gene mutants has shown (16) .
that the amino-terminus is involved in operator-DNA bindProc. Nat. Acad. Sci. USA 70 
Ala-Glu-Leu-Asn-Tyr-Ile-Pro-Asn-Arg-Val-Ala-Gln-Gln-Leu-Ala-Gly-Lys-Gln-Ser-Leu-Leu-Ilb-Gly-Val-Ala- ing (9) . The sequence does not resemble the sequence of histones (20) . It may be pointed out that 50% of the tyrosine residues are found between sequences 1 and 50, the region which according to genetic analysis is involved in operator binding. Furthermore the two tryptophans occupy positions (190 and 209) in a region which is probably involved in inducer binding (21) . We found considerable deamidation of Asn25, Gln54, Gln55, Glnl31, and Gln153, but of no other glutamines or asparagines. Aspl54 could possibly have been an asparagine since extensive deamidation is known to occur at asparagine residues followed by a glycine residue (22, 23) . Asn25 has been invoked in operator binding (9) , and a similar involvement of Gln54 and Gln55 seems possible. Pure repressor has the annoying property of being rather inactive with regard to operator binding (8) . Deamidation of asparagines and glutamines that are involved in operator-DNA recognition could explain the loss of operator-binding activity. Ala-Leu-Ala-Asp-Ser-Leu-Met-Gln-Leu-Ala-Arg 11 Platt et al. (13) have shown that trypsin and chymotrypsin readily destroy operator binding of native lac repressor, leaving inducer binding intact. The trypsin-resistant core lacks 79 residues (14) . 59 Residues are derived from the aminoterminus according to Platt et al. The present sequence shows that the remaining 20 residues originate from the carboxylterminus. In the same context, we would like to point out that our previous determination of the carboxyl-terminus -with carboxypeptidase B (9) was wrong: the Arg-Lys sequence, which we erroneously believed to be carboxylterminal, was probably produced from the internal Lys-ArgLys (312-314) sequence by trypsin contaminating our carboxypeptidase B.
Did 
